Background: Gallbladder cancer is a rare cancer with unusual distribution, and few population-based estimates for the United States have been published.
Introduction
Gallbladder cancer is a rare, lethal cancer with unusual distribution. It is often diagnosed at a late stage and has poor prognosis (1) . It is one of the few cancers that is more common among women than men; worldwide, women typically experience gallbladder cancer incidence two to three times the rate among men, although this ratio ranges from 1 in parts of China to more than 5 in Spain (1) . Gallbladder cancer incidence is characterized by marked geographic variation; worldwide, there are fewer than 2 cases per 100,000 persons with higher rates (>10) observed in parts of Poland, India, Pakistan, Bolivia, and Chile, especially among indigenous populations (2, 3) . It is one of the few cancers in the United States with low incidence among black persons but high incidence among American Indian and Alaska Native (AI/AN) persons and Hispanic persons (4) (5) (6) (7) . Few studies using population-based data in the United States, particularly state-specific data, have been published.
Population-based data are available on cancer incidence from the Centers for Disease Control and Prevention (CDC) National Program for Cancer Registries (NPCR) and the National Cancer Institute Surveillance, Epidemiology and End Results Program (SEER) and on cancer mortality from CDC National Center for Health Statistics (NCHS) National Vital Statistics System (NVSS; ref. 8) . Using these data, we examine how patterns of gallbladder cancer incidence and mortality differ by demographic and tumor characteristics.
Materials and Methods
Data about cancer incidence and mortality in this report come from the official federal statistics on cancer, the U.S. Cancer Statistics (USCS) dataset (8) . USCS includes cancer incidence data from CDC NPCR registries in 45 states and the District of Columbia (DC), NCI SEER program registries in 5 states (Connecticut, Hawaii, Iowa, New Mexico, and Utah), and cancer mortality data from CDC NCHS NVSS.
Cancer incidence
Data on new cases of primary invasive gallbladder cancer (International Classification of Diseases for Oncology, Third Edition code C23.9; ref. 9) diagnosed during 1999 to 2011 were obtained from population-based cancer registries affiliated with the NPCR and SEER programs. In each state and DC, local and regional cancer data are reported to NPCR or SEER central cancer registries about all new diagnoses of cancer from patient records at such medical facilities as hospitals, physicians' offices, therapeutic radiation facilities, freestanding surgical centers, and pathology laboratories. The central cancer registries collate these data and use state vital records and the National Death Index to collect information about any cancer deaths that were not reported as cases. These data are submitted to CDC or NCI and combined into one dataset. Cancer registries demonstrated that cancer incidence was of high quality by meeting six USCS publication criteria (8) .
Cancer mortality
Data on deaths occurring 1999-2011 from gallbladder cancer (International Classification of Diseases, 10 th Revision code 23.0) were based on underlying cause of death in death certificates filed in the 50 states and DC and combined into one dataset by the NCHS NVSS (10).
Population estimates
Population denominators are race-specific, ethnicity-specific, and sex-specific county population estimates from the U.S. Census, modified by SEER and aggregated to the state and national level (11) . Modifications incorporated bridged, single-race estimates that were derived from multiple-race categories in the Census (12) and accounted for known issues in certain counties, including adjustment for populations displaced in Louisiana, Alabama, Mississippi, and Texas in 2005 by hurricanes Katrina and Rita (11). The modified county-level population estimates, summed to the state and national levels, were used as denominators in rate calculations (11) .
Statistical analysis
Five-year average annual rates for 2007 to 2011 per 100,000 population were age-adjusted (using 19 age groups) by the direct method to the 2000 U.S. standard population (13) . Corresponding 95% confidence intervals (CI) were calculated as modified gamma intervals (14) . Incidence rates for 2007 to 2011 were based on data from 50 cancer registries that met the USCS data-quality criteria for each year during 2007 to 2011, covering 99% of the U.S. population. Death rates for 2007 to 2011 were based on data from all states and DC. To determine differences between subgroups, rate ratios were calculated. The median age at diagnosis of cancer was calculated by race and ethnicity. State-specific age-adjusted gallbladder cancer incidence and death rates for 2007 to 2011 were mapped using quartiles as cutpoints.
Change in rates during 1999 to 2011 was calculated using joinpoint regression which involves fitting a series of joined straight lines on a logarithmic scale to the trends in the annual age-standardized rates (15); up to 2 joinpoints were allowed. The trend of the line segment was used to quantify the annual percent change (APC), and the t test was used to test whether the APC was statistically different from zero (P < 0.05). Rates were considered to increase or decrease if P < 0.05; otherwise, rates were considered stable. Trends in incidence rates during 1999-2011 were based on data from 41 cancer registries that met the USCS data-quality criteria for each year during 1999-2011, covering 89% of the U.S. population. Trends in death rates during 1999-2011 were based on data from all states and DC.
Gallbladder cancer incidence and death rates were analyzed by sex, racial and ethnic group, age group, U.S. Census region, U.S. state, county-level poverty, and percent of county population not born in the United States. Rates were calculated for each of five major racial/ethnic groups: non-Hispanic white, non-Hispanic black, non-Hispanic AI/AN, non-Hispanic Asian or Pacific Islander (API), and Hispanic. Information about race and Hispanic ethnicity was collected separately. An algorithm was applied to Hispanic ethnicity data to reduce misclassification of Hispanic persons as being of unknown ethnicity (16) . To reduce misclassification of AI/AN race, first the Indian Health Service (IHS) patient registration database, which contains records of individuals who are members of federally recognized tribes, was linked to incidence data, and then rates for AI/AN were based on cases in counties covered by IHS Contract Health Service Delivery Area (CHSDA) because linkage studies have identified less misclassification of AI/AN race in CHSDA counties (17) . Gallbladder cancer incidence and death rates among AI/AN were further analyzed by IHS region; because of small numbers of cases and deaths, annual rates were averaged over the 10-year period 1999-2011 (17) . Information about CHSDA counties was not available for cases diagnosed in Kansas and Minnesota.
Gallbladder cancer incidence rates for 2007 to 2011 were analyzed by tumor characteristics, including stage, grade, and histology; these analyses excluded cases that were diagnosed only by death certificate or autopsy (2% of cases). Stage was classified using SEER Summary Stage 2000, which characterizes cancers as localized, regional, distant, or unknown stage; localized cancer is confined to the primary site, regional cancer has spread directly beyond the primary site (regional extension) or to regional lymph nodes, and distant cancer has spread to other organs (distant extension) or remote lymph nodes (18) . Information about stage was not available for cases diagnosed in Minnesota.
Results
During 2007-2011, approximately 3,700 people were diagnosed with primary gallbladder cancer, and 2,000 people died from the disease each year in the United States (Table 1) , for a rate of 1.13 cases and 0.62 deaths per 100,000 persons each year. Two thirds of gallbladder cancer cases and deaths occurred among women. AI/AN men and women experienced the highest gallbladder cancer incidence and death rates (3.15 cases and 1.56 deaths per 100,000), which were three times higher than among non-Hispanic white men and women, who experienced the lowest rates (P < 0.05). By county-level indicators, gallbladder cancer incidence and death rates were highest in counties where !13% households lived in poverty (P < 0.05) and in counties with !20% of residents who were born outside the United States (P < 0.05). Like many cancers, gallbladder cancer incidence and death rates increased with age and were highest in the oldest age group (9.85 cases and 6.74 deaths per 100,000); differences between men and women were highest in the youngest age group and attenuated with age. Median age at diagnosis of gallbladder cancer was older among non-Hispanic whites (median age at diagnosis ¼ 73) than among other racial/ethnic groups (67-68; data not shown).
Gallbladder cancer incidence and death rates were higher in the Northeast and Midwest than in the South and West (P < 0.05; Table 1 ), although rates were also high in New Mexico (Fig. 1) . By state, gallbladder cancer death rates ranged by 2-fold (from 0.37 to 0.82 deaths per 100,000) and incidence rates by more than 2-fold (from 0.71 to 1.87 cases per 100,000; Fig. 1 ). While high gallbladder cancer incidence rates were concentrated in the Northeast, high gallbladder cancer death rates were concentrated in the Midwest (Fig. 1) . Among AI/AN men and women, gallbladder cancer incidence and death rates during 1999-2011 were highest in the Southwest IHS region, which includes New Mexico (P < 0.05), more than three times higher than in the Pacific Coast (Fig. 2) .
About 11% of gallbladder cancers were diagnosed at an early stage, 43% after spread to regional organs or regional lymph nodes, and 42% after spread to distant organs or distant lymph nodes (Table 2) . Fewer than 10% of gallbladder cancers were well-differentiated, 28% were moderately differentiated, 29% were poorly differentiated, and grade was unknown for about a third. Almost 90% of gallbladder cancers were adenocarcinomas, with most classified as adenocarcinoma NOS. By specific histologic type, 4% were typed as papillary adenocarcinomas, 3% as mucinous adenocarcinomas, 2% as signet ring cell carcinoma, and 2% as endocrine tumors.
During 1999-2011, incidence rates of gallbladder cancer decreased 0.5% per year from 1.52 to 1.38 cases per 100,000 among women but were stable among men (Table 3 ). Gallbladder cancer incidence rates decreased during 1999-2011 among Hispanic, API, and non-Hispanic white persons but increased 2.2% per year from 1.40 to 1.79 cases per 100,000 among black persons and did not change significantly among AI/AN persons (Table 3) . By age, gallbladder cancer incidence rates increased 2.4% per year from 0.04 to 0.06 cases per 100,000 among those aged <45 years, were stable among those age 45 to 84 years, and decreased 0.9% per year from 11.74 to 9.93 cases per 100,000 among those aged !85 years (Table 3) . By histology, rates increased 4.3% per year from 0.01 to 0.02 cases per 100,000 for endocrine tumors, decreased 4.0% per year from 0.05 to 0.03 cases per 100,000 for mucinous adenocarcinomas, and were stable for other histologic types (Fig. 3) . Gallbladder cancer death rates decreased at the same rate (APC ¼ À1.7) among men and women from 1999 to 2006, and then continued to decrease among women but remained level among men (Table 3) . Gallbladder cancer death rates decreased 2.0% per year from 0.68 to 0.52 deaths per 100,000 during 1999-2011 among non-Hispanic white persons and 7.4% per year from 1.43 to 0.95 deaths per 100,000 during 1999-2004 then stabilizing among Hispanic persons (Table 3) . Gallbladder cancer death rates increased 4.0% per year from 0.57 to 0.82 deaths per 100,000 among black men but were stable among black women (data not shown). By age, gallbladder cancer death rates were stable among those aged <65 years and decreased 1.0 to 1.8% per year among those aged !65 years (Table 3) .
Discussion
Population-based data in this report show that gallbladder cancer incidence and death rates continue to decline among women but have leveled off among men overall and are increasing among black men. This report confirms that women in the United States have higher incidence and death rates than men (19) but shows that because women experienced greater decreases in incidence and mortality during 1999-2011 than did men, the relative difference between men and women decreased slightly. The differences in trends among men and women point to the need to better understand the causes of gallbladder cancer, which are not well known. This report also confirms that gallbladder cancer incidence and death rates were highest among AI/AN men and women (5, 6) . We found that gallbladder cancer incidence and death rates were highest among AI/AN men and women living in states in the Southwest IHS region (Arizona, Colorado, Nevada, New Mexico, and Utah). Studies show that countries or populations within countries that have high gallbladder cancer incidence also tend to have high prevalence of gallstones (cholelithiasis; refs. 1, 3). Evidence suggests that AI/AN men and women have higher rates of gallstones than do nonHispanic white men and women (20) . The presence of gallstones appears to increase the risk of developing gallbladder cancer, particularly for the AI/AN population compared with other racial and ethnic populations (21) .
Cholelithiasis takes years to develop and generally precedes gallbladder cancer by about 20 years (3). Cholelithiasis, and its attendant chronic inflammation, is an important, but not sufficient, risk factor for gallbladder cancer. Although most (85%) people with gallbladder cancer have cholelithiasis, only a fraction (1%-3%) of people with cholelithiasis develop gallbladder cancer (3). While preventing cholelithiasis might prevent some cases of gallbladder cancer, some risk factors for cholelithiasis, such as older age, female sex, ethnic heritage, and family history, cannot be modified, and others such as obesity and poor diet may be difficult to modify (2, 22) . Further, we observed that gallbladder cancer incidence rates increased during 1999-2011 among people younger than 45 years; because cholelithiasis generally precedes gallbladder cancer by about 20 years, this increase could be due to other risk factors. Other risk factors for gallbladder cancer include obesity (particularly during adolescence), genetic factors, occupational exposures to carcinogens, and chronic infection (e.g., Salmonella typhi; refs. 2, 23). We observed that gallbladder cancer incidence and death rates were highest in counties with 20% or more of the population born outside the United States; this may be due to immigration from countries with environmental or genetic factors associated with higher rates of gallbladder cancer (1) . As the evidence builds for what contributes to gallbladder cancer and as the proportion of persons who have these potential risk factors changes, it will be important to monitor rates of gallbladder cancer incidence and death rates to see if they also change. We found that gallbladder cancer incidence rates decreased from 1999 to 2011 among non-Hispanic white, API, and Hispanic persons but increased among black persons, confirming findings from a report using SEER data (7). Reasons for this disparity are not yet known. Some studies suggest that the decline in gallbladder cancer incidence observed since the 1970s could be attributed to concomitant increases in cholecystectomies for early cholelithiasis (24, 25) . In contrast, a study that found weak correlation between gallbladder cancer incidence and mortality rates with rates of inpatient laparoscopic cholecystectomy concluded that recent decreases in gallbladder cancer probably are due to factors other than cholecystectomy (26) . Data from the Third National Health and Nutrition Examination Survey showed that non-Hispanic black persons had lower rates of cholelithiasis and cholecystectomy than did non-Hispanic white and Mexican American persons (27) ; this observation suggests that increases in gallbladder cancer incidence observed among black persons may be due to risk factors other than cholelithiasis.
The findings in this report are subject to several limitations. First, a considerable fraction (6%) of gallbladder cancer cases were assigned histology codes for cholangiocarcinoma, typically assigned to bile duct cancers. Because of potential misclassification, we did not include a category for cholangiocarcinoma in our main analysis but note that incidence rates increased 11% per year during 1999-2011 for the gallbladder cancer cases assigned with histology codes for cholangiocarcinoma. Data from SEER show that from 1975 to 1999, incidence of extrahepatic cholangiocarcinoma was stable, but incidence of intrahepatic cholangiocarncinoma increased 165% (28) . However, an additional limitation is that analyses of trends should be carefully interpreted; changes in incidence may result from changes in the prevalence of risk factors as well as from changes in the use of screening or diagnostic techniques.
A third limitation is that analyses based on race and ethnicity might be biased if race and ethnicity were misclassified. Particularly, rates may be underestimated for API, AI/AN, and Hispanics; however, efforts were made to ensure that this information was as accurate as possible. Analyses among AI/AN were restricted to those residing in CHSDA counties, which has been found to decrease misclassification of race and thus provide more accurate reflect rates (17) . Fourth, analyses based on ethnicity are limited because grouping Hispanics as one ethnicity may mask important differences by country of origin (29) . Fifth, county-level estimates were used for poverty and foreign-born, reflecting the area in which the individual cancer case resided, but not necessarily the status of that case.
This report provides data from U.S. population-based cancer registries that confirm that gallbladder cancer incidence and death rates are higher among women than men, highest among AI/AN men and women, and increase with age. We also found that gallbladder cancer incidence and death rates varied 2-fold by state and were higher in counties where 20% or more of the population was born outside the United States. Although overall gallbladder cancer incidence rates decreased during 1999-2011, incidence rates stabilized among men and increased among small subgroups, notably among black men and women, those aged <45 years and for cases with endocrine histology. Because effective strategies to prevent gallstones or gallbladder cancer have not yet been identified (2, 22) , continued surveillance of gallbladder cancer incidence and mortality, particularly to monitor increases in subgroups, may provide clues to etiology and stimulate further research. 
